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(57) Abstract: An oil hydraulic-pump rotor assembly where an inner rotor (20) having n (n: natural number) number of outer teeth 
and an outer rotor (10) having (n + 1) number of inner teeth mesh and fluid is sucked and discharged by variation in volume of cells 
(R) rormed between tooth flanks of the rotors. The oil hydraulic- pump rotor assembly is constructed such that the relationships a 
^b^canda<care satisfied, where a is the magnitude of the clearance between tooth flanks of both rotors (20, 10), in one of 
the cells (R) that has a minimum volume, b is the magnitude of the clearance between tooth flanks of both rotors (20, 10), in one of 
the cells (R) the volume of which cell is increasing, and c is the magnitude of the clearance between tooth flanks of both rotors (20, 
10), in one of the cells (R) that has a maximum volume. 



I 

m 

v : 



Wc4lo4/044430 Al I lllll llllllll II 111111 lllll llllf llll^ffill lllil lllll lllll Illll Nlil IIII llllllt llll llll llll 



(57) &m-. 

n (niilM) %C<Df\-M*#-tZ><< n — ^ (2 0) (n+1) %C(D 

tt* ^;|StfS*/h<*:&o-CV^i?/l<' (R) (d*3{t^i^n — ^ (2 0, 10) £>#® 
»JI77^©^$?:a, ^^fe^^^^feS-fe/u (R) ^*5ft5 
iWn-^ (2 0, 10) <D-0m$(D? V Tv^^iD^ £ b , 
oT^S-fevl' (R) fc&ttSMn — (2 0, 10) ©fIf B 1©^!)77^0 



^^CT/JP2003/0 13880 

1 

w m * 



WO 2004/044430 




WO 2004/044430 ^^CT7JP2003/013880 

2 

i&bfcn-*t>!t^£*LTV>5 0 (fctiif, 1 6 6 0 9 1f^#ffi 

)o 



o 

-r^- (n + i) tfcort#Sr^r*t-sr^^-B-^iiS(t^v\ * 



WO 2004/044430 ^ ^CT/JP2003/013880 

3 

ffiv-?<DMWm<D? V T?>X<D±% ^ci It, a ^ b ^ c a < c t? 
££b l % EllB^ftffir^fla^-fe/WciiSitS* y 77^©^^b 2 

a ^ b ^ c ^oa < c d^oa ^ d ^ c T'feoT, £ ^U77y7dii, 
n (n«g^#:) focDft-m&^-fZ^^-t—ti-tt, (n+1 



WO 2004/044430 |^ ^^CT/JP2003/013880 

4 

-hl2^--r/V^V7 p cr — y-feV^J? (C^T, -iM^n^f Kftj»SrfflV>TM 
T-t"-<»J fc< teasel *MBR a i »CJ:oTi!l^$tL«^te^-f ^a^T KftlftSr 

u sird i mrts^L-ci-^?)/ji<fe^5^i Mb ncj;o 

* IfRDo bTi--< 9 ft < <B*S §1 2 *MER A o J; o T*l 

i&t vxmm&tixtev^ — ?<DmmmD i <om.m^<i>D i , 1 1^ 

ISRA i <DU&% d>Ai s Ml f*Ji|teRB i (Dm&& <!> B i , T?* — n— ? <Dm 
^RD o <D\SM& <j> D o, i2^RAo©SMUo, 31 2 (*3$fcR B o (DiH 

t (*0) itSit, 
0 B o = 0 B i 

<f> D o = <f> D i • ( n + 1 ) / n + t • ( n + 1 ) / ( n + 2 ) 



WO 2004/044430 ^ ^CT/JP2003/013880 

5 

*Ao = Hi + t/ (n+2) IrlfctT-f yt-n-^i7!>^-a-^ 

-e n c <t »* n^ft e> ft v ^> b , 

*Di=n-(*Ai + *Bi) 

<f>Do= (n + l).(<|>Ao + <f>Bo) <D&&,&ffitz.1-!&m&3bZ> 0 
0 B o = <t> B i 

*Do = *Di-«(n+l) /n + (n+1) • t/ (n + 2) 
*Ao = *Ai + t/ (n + 2) 

^ ^artfe©i^V>^yV7K>'7 p (^||^,^prtg^ft5 0 

^©SIRb i »!:^»bT"t--<5ft<teas<6»l^teRD i (cioTiiJ 

ft<teas«»i i*isbr a i \z.£oT&}j&ztiz>psmy"( * h*&m&MM<Dm 

£U SIRb oK:rt&LT^!)ft<<Eas;5#2l*j*BRd oCiotlO^Sti 



WO 2004/044430 




T/JP2003/013880 



6 



mmB b i (omk* 0 b i „ m 1 *mer d i <dw:&* *Di, # 1 d i © 

H:^Sr ^ d i „ 7^^-n-^©iiRb o <DW8k* 4> b o, ^2^RD o <D 
ff^^r^Do, f 2rtfeR d o<Z>jS^£r0 d o, ^ n — # t T $ # — a — 

*bi=n«(*Di+Hi), <t> b o = (n+l)-(tf>Do + <f>do) tf>§8 

^Di+Hi=2e, V>te D o + <f> d o = 2 e „ 
fao <J> D o > 0 D i , *di>*do, (^Di+$di) < ( 0 D o + 0 d o 

xm c&#*u£fc e> &v^-c% 

0bi=n-(<j>Di+0di) s *5J;tf$ bo= (n+1) • ($Do + Ho 

d ol!lioT^$n57!>^-n-^(Dt^©ft^ m^-^<DmUxm^ 
*°o>*Di^ *5J:t>^ d i ><*> d o&«fc£fttt;ftk£ft6>&v\ irt% 

m t teBtMm<Di%m bTv?—v-? <DMm t <o m kx z z> mmx& s e 

4> D i + 0 d i = 2 e & <kt)?<J> D o + <f>do = 2etf)5 -fel^-f Jj&mtc 
? £^iffi^Vvf4fifc*SV^T. ^yt-n-^©SiR t7!>^-n^oII 



WO 2004/044430 ^^CT/JP2003/013880 

7 

(n+l)«<|>bi<n-<f>bo Sr^fc LTVn5 0 

rtL(Cj;t», (^Di+Hi) <-(*Do + *do) ^3f*»tL« 0 

*Bo = ^B i 

<|>Do = 0D i • (n+ 1) /n+t • (n + 1) / (n+2) 
*Ao = *Ai + t/ (n + 2) ©BB^&ijitfcU ^^!)77^t©I 
t = 0. 1 2mm{31|S^$tl,T^^$tLfc^--r/V^^^ 0 P— y-fe-vy U 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

8 

H 7 «\ W 5 tf-W V:/ ct w- ^ T j, -fe ^ y g,£ 3 HJfejgjfc & 

m s El 7 tc^i-^^^v^©i«^v^^^^i-vnmit^0^a!>5 o 

Si 014, m 7 fc7jk~$-*4 ^#>yv-?T yt^? V Itm^ttJ ;Vi$i/'7 

<C<Jfea s «teP3©W»K:J; UiiJife^tLS^^n^ Kftj»Sr^V^^**tfc*9- : 

7^B^100S«RDo©Ii:^5 7. 3 1 [mm] 
7!?^n^lO©^RAo©ei: 0 2. 5 1 [mm] 
T?*— * x o©^p]B oOit^ : <t> 2. 7 0 [mm] 
TV? — n — ^ l 0©ftZ o : 1 1 [ft] 
4^1r— u — jr 2 OOSiRD i <7>WM. : <t> 5 2. 0 0 [mm] 
^yt-n^2 0©^tenAi©Si: *2. 5 0 [mm] 
-<yt-n-^2 0©^RBi©itl: 0 2. 7 6 [mm] 
-Y^T"— o — ^ 2 0<DMmZ i : 1 0 [ft] 
ii'L>4e : 2. 6 0 [mm] 

tv*-u-? i o M^t-n^ 2 oi«, rtim©w^tir* 



WO 2004/044430 ^ ^CT/JP2003/013880 

9 

±Jf*l 8 0° 0=0° (Vmi n) £ ft 0 (Hi), 0 

= 19 8° (Vmax) <tft3 (02) £T\ W-n 2 0 

r©^77^©H> ftoTV^-fe/UR (Vmin) (C&tf 

SmS>S-feyWRtci3JtSii«?n— ^ l 0, 2 0O#®ffiOi7 !)77^©^^ 
b (01), ^«aM^£ftoTl>3-fc/WR (Vmax) iC&tfSMn l o , 
2 0©fIKO^y77^©^§Srcirt5 (02) #-feyl-RtC*3»tS 

^ y 7 7^©^$}^ 

a ^ c^Oa < c i^otl^ 0 

££>Kl, ^a^*^-t"SiaSJcS>5-fe/WRlc3S»tSMo — ^ l o, 2 0©fl 
a ^ d ^ c £ ^ot^5 0 

1 0*S«fctf-<>"?— n— * 2 OWJ®^ y77^©7C#^i, »n-^M 
{?£f£jn — *|HJ©^ y 77^7©tcI £tf>J£ifc£r 0 3(^-1% 
^©n-^(^[j-57 !)77^lt ^/^^tfS^/hiftS^fc&v^-C 

ft 5„ -£>fc#> x ^5fe(on— ^-Cfi N tf^V^J&MBa ±0 t>* JJ 



wo ~° • #™_ 

10 

Ifl©^y77^ll ^^ft/jN (Vmin) ^bft^c (Vmax) izffi.±-t 

siim^^^T^, u^-r-ci^o -r^^t,, o<e<i98° <Dmm 

# ££rb 1 n mfe^lSjSu^iJO-fe/WRfc^Jt^^ y T^^XOTct & £ b 2 £f 
Stfcb 1 b 2^3tbTV>§ 0 

? 1 0 <b-<>"7-— 2 0i(t 01 }c^1-$SHa-ej3:it®2?5 b^itf^o 

o 

•^LTs ■fe/l'R^^Sf*^: (Vmax) i:*5i:t©^!l77^ c (H|2) 

®^^7^d (mi) » % -r^-p— ^ 2 o^ihi^(c#v^^(c^l, 

0 = 3 9 6° T'St;i/h^5 0 198<0<39 6° Ofgffl^ y 

TJis* dte:ov>-c, E*5^riRi^^rffi!|©-fe:^R{cj3rtS^ y T^*©*^- £ £• 
d 1 % m^^fRjtO^iSilO-fe/^R (c*3(t S^!J77 £ & d 2 £ £ x 



WO 2004/044430 ^ ^CT7JP2003/013880 

11 

&*5, ^I^T^V^cOTct^^a^bc^T-iiTC-rSI^, a<b, bl<b2 
> b< c iifeoTV^Si 9 0£bV^ N ftg/Jv-rs^SK a < c £&oT 

V^tlfi. a=b N b 1 =b 2fe5Wtb = c £&5^£-^£CTV^&J;V\ 

^yTyy^^TC^^^c^fea^T^t^i, c>d s d 1 > d 
2, d> a ^^otV^i £tf$J:9£P;£Ll^ m±-r%Zkti:< c > a £fto 
TV\}x{4\ c = d, d 1 = d 2&5V^3d = a £ & 5£&#Ja*£ CTl>T & 

-LIB <£> TfiSfetiTc £ ^Ti~ 6 *H MMM \z & ft 5 *4 ^ v ^ p — ^ 7- y ^ ^ y y 

JhfB a <d fitted ^T^^Krt-e&s:: lv\ 

0. OlO^a^O. 040 [mm] 
0. 0 4 0 ^ c ^ 0 . 150 [mm] 

c^O. 0 4 0mm J: < gS^tufcii^ Pt^WiS (HI 1 M&fr 5 

0 C ttifi) ^i#^V^s^Rrfg£#«9, o. 1 5 0mmJ;9*£<s£££*Lfc 



WO 2004/044430 A ^CT/JP2003/0 13880 



12 



^Sn=10) %t<DKMfimf&£tlfc^ >-1 — n — * 1 1 0 
£-5 (n+l) (*^JS^S(J:*5V>T«n+ 1 = 1 1) #©rt#as?Bjfc£jh,fcT«> 
^ — 0 — ^ 12 0 b^tfrnx., Z.fob't n — ^ no i/^.-p^^ x 2 

0 5 0©FWiIlfc^£*L-CV^ o 

>fyt-n-^ 110, Tt7Z — n — ? 1 2 0O#ffiMR:r4, in-^i 10 

^110, 12 O^m^f^ttj^iJi^IJ-t?, ^yt-n-^ 1 1 OOMl 1 1 
^ 7 ^- p "^ 1 2 oortfi 2 1 b&*ti*tb&m'irzzkte£<>xmmz 

ttmhtl. ^OSflli^^r- i/V^l 5 0(C«fcoTttl3Ufc*L-C:f3(9 N C^ICto 

o©mten:#oTiEite^»L, lmmzimmt ux^m<om±. wp*m<om. 

^■mfc3£W&tlX&iQ , Jls-j—n — * 1 l 0©SIRD i l^gLTt^O ^ 

T^^ — n — ^ 1 2 0 ft flipfrO o a — ^ 1 1 0<^#>L>O i izML 

Ttfi'fr e) £i±-TISa£ tt, W>L>0 o Sr^'fr^ LT-ir— 1 50 

Ort«pn:[ilteprtB|i:3c«p$tL-C*5«? % r**«-n — * 1 2 0©SaRDofc^g| 

J-y-l—U — ? 1 1 OWIIRD i OitM^D i % fgl^MteRA i <»mM* 
4>Ai, Il^RBi©IiS:0Bi % 7^-o-^120C0ilRDo© 

b1rz>b%, -O-r—n*-* l l 0 bT V * — n~~? 1 2 0 b<Dm\zte.%kT<DM 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

13 

£1\ — * 1 1 (Hcov^, ^l^gRAifei^l^B i 

i ftfeRB i (D&m-fr <omfemv><Dm.m% ^surd i ©m^l 

3T'*Di=n^-(^Ai+^Bi) i~ft:b^ *Di=n-(Mi+* 
B i) ... (I a ) 

7t • <f> D o = (n + 1 ) • 7i • (<f> A o + <t> B o) -T^t?^ <*> D o = (n + 1 
) • U Ao + 0 B o) ... (Ib) 

o^fcir — n — * i 2 otio^T, tl©7W-n-;? r o (Jg2^ig 
Rao iMM4> a oK l2rtigRb o b oh S#R d o (IfrS <f> d o 

)) £g(CLT, ^MJg^^coT^^ — ^ l 2 OOfJF^ftttSMfco^ 

T^V^ t bfc, n— ^ l l OOloOf^Sr^^-ow.^ 120© 

lo©t«|^ffSj;5(^^ i x Q^^^^p^! 2 0 £ £ 

beis \ytzM\c^ ^(Dm^^'&im^bm^mK 1 8 o° unfc^gic&v^-c-'i' 

Ho = ^Di • ( n -f 1 ) / n ... (I I) 

<t> d o = (n+l)-(^ao + 0b.o) ... (Ill) 

*ao = Mi + t/2 ... (Ilia) 

0 b o = 0B i - t/2 ... (Ill b)„ 



WO 2004/044430 ^ ^CT/JP2003/013880 

14 

i+Oi=^Ai+^Bi=2e ...(1) 
<*>D i =<» d o-2 e ... (2) SrSfrfcLTV^. 

— n — # 1 1 O^it^^offloMI^tRjO^ V T=7l/x t 2^/jN$<-f--5i: 

*Bo = ^bi=^Bi ... (IV) 

(IV) *3J;T>^ (l) ^£> x 
* a i = <i> A i ... ( 3 ) 

— n — ^ 1 2 OOrtgR^tSt, 
t= (*Do-^Bo + Mo) - (<f> D i + A i + 0 A i ) tfeS^yT 
^Xtte, 5£ (1) ~ (3) SSJ;^ (IV) 

t=UDo-<J>do) + UAo-<*>ai) ... (V) 

JblSO^; (lb), (III), (IV), (V) d>£> N 
t=(*Ao-«ai).(n + 2) ... (VI) ^fcS^fc, 
*Ao = *ai + t/(n + 2) t45„ 

--^*> *fSiRDoOES^Dot^5 0 (lb), (III) 
<f>Do-tf>do = (n + 1) • (0Ao + * B o) - ( n + 1 ) • ( 0 a o + 4> b 
o) T?&oT, (I I I a ), (iii b ), (IV) (CJ;9 

<f>Do-<frdo = (n + l)-(*Ao-*ai) ... (VI I) (VI) frb 
(VI I) ft 

0Do-<|)do= (n+1). t/ (n + 2) <b&30l?, ££>fc: (I I) fat, 
\ 0 D o 

<*>Do = (n+l).0Di/n+ (n + 1) - t/ (n + 2) ... (A) 
o#*fc: s (lb) 

* Ao = *Do/ (n+1) -^BoTfcS^P), (A) 

*Ao = *Di/n+t/ (n + 2) -<£B o (I a) % (IV) frb 

*Ao = *Ai + t/ (n + 2) ... (B) 

0Bo = <^bi=^Bi ... (IV) 



WO 2004/044430 




T/JP2003/013880 



*Do = .(n+l)-*Di/n+ (n+1) • t/ (n + 2) ... (A) 
* Ao = Hi + t/ (n + 2) ... (B) Sr«rfeUT*^$ttS. 
i4^, U±<Dm&%mtcVTM!&£tltc^ 1/1-—* — ? 110 (SURD i 
^ * D i = 5 2 . 00 mm, £ 1 ^RA i & <f> A i = 2 . 5 0 mm. 1 ft«s 
RB i^*B i=2. 7 Omm, ftffcn=l 0) *5 £t>*X — n — ^ 1 2 0 ( 
7 0 mm, SaSP3Do#*Do = 57. 3 1mm, |2^HAo^^ 
Ao = 2. 51mm, |2MBo^^Bo = 2. 7 0mm) ^^!)77y7 
t = 0. 1 2mm, ffi^Hre = 2 . 6 mmT^J.^'^^$ttfc:^--<^^^^ p n — * 

^r-v'V^ 15 0 Kite, Sn-^ 110, 120 Offfirai«$n5t/l/C 

iBSd h/^<0fi8tfSfTfc>*ifc< ft 9, m^©«^^# < ftSfc&^fttpWfe 
•?:iT'7y77^tlt 0. 0 3mm^t^0. 3 0 mm*«ftttti £ i" 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

16 

ra, -hia^: (iv), (a), (b) (Dmm&mtc-r^tizi:*)^ a 5 5 k 

s TW — n — ? 1 2 0 <D#3fe©#^-Y n — ^ 1 1 0 <Z>Wifc©#7g£ « 

^L<ftot^5, -ti(e:J:l9lEl5{c^-rj;5(c N nt^V^@{c*5ttS^ 
^^^7^t ir±«*^|3IC. t/2 = 0. 0 6mm^*ft$nfc** % ffl 
*^!J77^ t 2j&$/Jn£ < lHl^B#}c:Mn-^ 1 1 0, 1 2 0 ^ 

*110, 120(DfffiF^^!J77^O^^a (^1)77^3, b, 
c *r±B*Hfr-rK Wt^t5»fc5t^Cl^lt5io^>? 110,1 
2 0 ©#|B|HJ©* il77^ <D*£ £ b , i fcoTV^-fevixCic** 

lt§Mo-^l 1 0, 12 0OtIf B 1©^!J77^©^^cit5^ a 

(D±Mz&ttz? y T^^o^l^b 1, igte^iSiiiW^rffiOO'fe/UcSart*^ 
!)77^©jc|^b 2 i: It, b l^b2SrifcLTV>5. £3Ra3Jg 
^i-SiamiC&S-fe/UCICiSttSMn — ^ 110, 12 0O#©IW©^ y7yy 
^O^Ct £3: d t s a ^ b ^ c a < c a ^ d ^ c t'ifeot, £ h 

£3rd i N HHg^r&jM^{ll©*fe/WJ:*3»t<5^ y T^>-^(73^:#$^d 2 £1-£<b 
. d 1 ^ d 2&iRfcL-CV>3o 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

17 

Kl:i8V>Tra:n= 1 0) #©*#J&S7&fc£*Xfc>f o — ^ 2 1 0 

•H5n+l C^iS^lltei&i^Ttei 1) #©rt'#as^j$$;ftfcr — n 
— 9 2 2 0 fc«HliA. % Z.jnbsC^'l — n — ^ 2 10 i7!>^-D-^ 2 2 0 

* 2 1 0, 2 2 0<Z)lU^[Bjfti{|iJiMiJT% -Y ^ — n — * 2 1 0©M2 1 1 
£ T ^_ n _^ 2 2 0tf>rt#2 2 1 ^^^^tb^M-f-Sr ^Idio-C-OSlJ^ 

xm&Ltcffifcm&^&m&vx^^o ^lt, ir/vc^Mo— *2 10, 22 

>T^^— c — ^ 2 1 Ote s HHBttHURUf^W-fett-CWi^O i Sr^'fr^ LTIeHE 
■5T^^i$$ttT*3»J % — n — * 2 1 OCO^^Rb i I^Utf^^ 

<<EaS5Hl*MBRD i iaotlM^iiS^t^^P^ K*«ISr®^fe©#^ . 
IfRb i (C^ltLTt^!) 1 d i KZ^XUm&tl 

T!>^ — n — 9 2 2 Ote N Ml'bO o Sr^f ^ — o — ^ 2 l 0OHi>O i 
TM'fr (il'fr* : e) £i±-T@Bg£*K i^Oolr^i: W-v'y^E 5 0 
OF^$|5}C|Hl^pItM^^$tLT*5«5, TV? — ^ 2 2 OOSfR b o tH^SS 
ttt^D &< feds 6 lg 2 ^fep3D o Kl J:oT*Jj*$tb5^fE^ * Kftj^ 

4 l/-r—u — ? 2 1 OOlIRb i <DW&*4> b i , $&1*MERD i Oii^Sr 
<f>D i % Ml F*MSR d i tf>E^£:0 d i N T^^ — n— ^ 2 2 OCOllRb o <£> 
BT^Sr <*> b o % £1 2 ^feRD o Oiti^ <f> D o , $2 ftijgR d o 0 d o 

b1rZ>b%, ^wr—u — ? 2 10 — ? 2 2 0 t <omz.tt.&TF <D& 



WO 2004/044430 ^ ^CT/JP2003/013880 

18 

£1\ ^^t-n^2 l Otziov^ Il^RD i *J±t?»irt!ERd i 

jt • *bi=n • w • (♦Di+H i) 1"^^*>s ^bi=n«(^Di+* 
d i ) ... ( I a) 

• * b o = (nil) - i - (^Do + Ho) -t"^Ct>t>> Oo= (n + 1 
) • UDo + * d o) ... (Ib) 

<2>D o >0D i % *5£TJ*0 di>H o&Wfc$fctt;h,fiftk&V\ r;t\ 

0 D i + <f> d i=2e^J;(j!^Do + Ho = 2e©5 ^^Tfrlfr—Jj&ffiti 
§ ^^BJ-Cf*, ^ — n—^ 2 10 ^7!)^-n-^ 2 2 0 Ort-diJ-C 

1 0 tr n-* 2 2 0OHi^V^g^^3V>-C N -T^^-n — ^ 210© 

Mb i £T?*-n-^ 2 2 0©SlRb o £ L&V> i 5 Kl, T?*- 
n — * 2 2 0©SIR b o©|^^ < LTV>5o 
(n+l)-0bi<n-</>bo <Sr«fc-r„ 

(la) *5<fctf (Ib) £d>6>. (^Di+Hi) < UDo + 



WO 2004/044430 ^ ^CT7JP2003/013880 

19 

{|iJOrt#2 2 1 <DM9ck, 4^1r— #JO^#2 1 1 

0. 005mm^ (*D„+Ho) - ( # D i + d i) ^0. 0 7 0mm 
(mm : ^ ... ( I c) ^Hfc LT-Y Vt-n-^ 210^7^ 

2 2 0 £^/&£;ft-CV^ (^T, (*Do + *do) - U D i + <*> 
d i ) %mtZ.Ab\,^?) 0 

* 2 1 0 (SfRb ift<l>b i = 6 5. 0 0 mm, fl^BD i tf* 0 D i = 3 
. 90mm, ^l^Rdi^^di=2. 6 0mm, ffn = 10) *JitF7 
^ ,_p ^2 2 0 (W*8 7. 0mm, l«Rbo#*bo = 71. 5 9 
9 mm, |2«nDo#^Do = 3. 9 135mm, H 2 f^feR d o & <f> d o 
= 2. 5 9 5 5mm) ^ Me = 3. 2 5mmT'I^$tltt^/VJify 

Di^0Di=3. 9 0mm, %\ rtfeRd i ^ <*> d i =2. 60mm, ^2^ 
gRDo^^Do = 3. 9 13 5 mm, M 2 f*3^R do^Mo = 2. 5 9 5 5 
mmi$tlT*J^ ^tl/^J;^, A=0. 0 0 9 mm b £ *LTl>5 (i8#i) 

o 

<7-~>V^2 5 OtCte, Mn-^ 2 1 0, 2 2 0 <7>MWmKT$&iS tb^ir/VC 
ir/VCte, ^#2 1 1 irrt#2 2 1 t (Dm%-&lt^<DT&m<D&tpfc33\,^T&m& 

m-tt^fc^ max- hi^^T®m^z bZic^mzuxis&xffiftzw 
au ^a^ft^i^ofc^, &mtf-hizfe-ox&m-$-z>b%ic®m$:m'p£ 

fc*5, A^/h^-f^S^, f-y^^!J77^*3J;t;/^^7 5'V' a (D±t$ 



WO 2004/044430 ^CT/JP2003/013880 

20 

<DMjE4b%mz> Z. h &X*%-?. <4 >-r-W<Dftm 2 l l £T<7*~0l!ltf>l*l#2 2 
— A^^^-f-^5^ % ^ ffi!lO^*2 1 1 bTV9*-' fi!l<Df*|#2 2 1 

2 1 t©«f^iasifM^3l5t5Ci:I^S 0 

*£"C, Ate, 0. 0 0 5 mm^ 0 . 0 7 0 mm^fcf|Sffl £f 5 ^1 1 
*W?iV<s *^*»»T?W:*t>0a* 0 . 0 0 9mmi:lTV>5 o 

— a — ^ 2 2 0OtftOt^>fyt-n-^ 2 1 0 tf>#if £ L < 

^n — ^Tyty/y St^HtTS h/^tfS&t&LTfc, T * * —Wort* 2 2 1 

So 



WO 2004/044430 ^PcT/JP2003/013880 

21 

EiiS^ 0 1 9 8°ST'0^s/^ 9 y is a. Ld>lB^bTVN&V^fi N 19 8° 

k&t>faZ> 0 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

22 

#60 



WO 2004/044430 ^ ^CT/JP2003/0 13880 

23 



1. n (nf4S&8c) feO^*Sr^T-t-5^^— n — ^ ( n + l) 

^blcj; t>-T • Ti>^ — d*-^©mteiti^«E#:Sr!RA • start-* aMw* 

a ^ b ^ c ^Oa < c -^feoT % flulB ^!)77 b Hj^^fB]^ 

^fiO©-tr/WJ:*5Jt*^ y T 7 ^ ££b l. lilted ft fi&#«©-fe/WJ::i3»* 
5^y77^(D^#^?:b2iLT, 

b 1 ^ b 2%mtci-z. t^wmt-r^^^/^>yn — ^Ty±>^Vo 

<D±% ££d £ LT> 

dud2 zmtc-fo 



^^m^Z-f- 5 #4 n — ^ 7- y ^ ^ y -^^ 0 T % 



WO 2004/044430 



• 



24 



T/JP2003/013880 



4. W^SfclB^^^^n-^Ty-fe^y ffcot, M^ft^:^ 
5 . tf^-f tL^ 1 JUdfBg^^/l^^n — * T y-fe y -? 

LTt ^ o * < tea* 2 *mer Aoiao -ciiij* <* tizKmvj ? » -r k Am 

Sr#i*©#?g £ U gfliR D o IcrtttTt^ «9 ft < ifEri* 5 & 2 rtfeR Boia 
^Vt-p-^©SiR D i D i , Il^RA i A i 



WO 2004/044430 ^ ^CT/JP2003/013880 

25 

-^*^7^>-D^o^i(Dro l z)^^t (*o) ^-rs^ 

*Bo = (j»B i 

*Do = ^Di • (n + 1) /n+ t • (n + 1) / (n + 2) 

*Ao = ^Ai + t/ (n + 2) ^T^fcbT^r n — ^ ^Tl>^ — n— ^ 

RD i iaoTlM^ttS^t^ ^ n-r Ktt^^#^feO#^^L, SlRb i 
trtgLTt^ 9 ft < ijgtfs 5 1 rt^R d i fc. J: o T Jfyft rtfEi^ * a 4 

fc: tTf^ t»ft<te^5f2rt(ERdoiao Tf M £ tl* ftm^ * u >f 

-fyt-n^^©SiR b i (Dmm^4> b i , Il^URD i Oitt@?r0D i 
. HMd i ©iCS«r* d i % 7!>^-a^©SiRb o©IM^ b o 
, !2^RDo©itM0Do s i2Mdo©Ig^Ho, 4 l^T—u 

0bi=n-(0Di+0di), <f> b o = (n+l)-(<j>Do + <£do) (DM 

Sfc, *Di+Hi=2e, fc5l/M4^Do + Ho = 2e, 
^* Do> *Di, Mi>Ho, (*Di+Hi) < (*Do + Ho 



^^CT7JP2003/013880 

1/10 



FIG. 1 




WO 2004/044430 




WO 2004/044430 ^^CT/JP2003/013880 

2/10 



FIG. 2 




WO 2004/044430 




T/JP2003/013880 



6/10 




[ap] BS 



WO 2004/044430 




T/JP2003/013880 



10/10 




INTERNATIO 




EARCH REPORT 



Intemati 
P 



w 



►plication No. 
7JP03/13880 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 F04C2/10 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED " " 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 F04C2/10, F04C18/10 



Documentation searched other than mininium documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2003 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



(Suzuki Jidosha Kogyo Kabushiki 



US 4976595 A 
Kaisha) , 
11 December, 1990 (11.12.90), 
Full text; all drawings 

& CA 1331717 C & JP 1-249971 A 

US 6077059 A (Mitsubishi Materials Corp.)/ 
20 June, 2000 (20.06.00), 
Full text; all drawings 

& EP 870926 Al & KR 98081230 A 

& JP 11-264381 A 



1-4 
5-8 



5-8 



fx] Further documents are listed in the continuation of Box C. Q See patent family annex. 



1 Special categories of cited documents: 

A" document defining the general state of the art which is not 

considered to be of particular relevance 
E" earlier document but published on or after the international filing date *X° 
L" document which may tlirow doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) "y" 
O" document referring to an oral disclosure, use, exhibition or other 

means 

P n document published prior to the international filing date but later than 
the priority date claimed " 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
04 March, 2004 (04.03.04) 


Date of mailing of the international search report 
23 March, 2004 (23.03.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



INTERNATIO 



SEARCH REPORT 



Intematil 
PC" 



>CT/C 



plication No. 
JP03/13880 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5226798 A (Siegfried A 
13 July, 1993 (13.07.93), 
Full text; all drawings 
& DE 3938346 C ~ & 

& CA 2025824 A & 
& ES 2043212 T & 



Eisenmann) , 



EP 433576 Al 
KR 159503 B 
JP 3-271577 A 



5-8 



E, Y 



EP 1340914 A (MITSUBISHI MATERIALS CORP.), 
03 September, 2003 (03.09.03), 
Full text; all drawings 
& CN 1442614 A ^ & 

& KR 2003071624 A & 
& JP 2003-322089 A 



7,8 



US 20030165392 A 
JP 2003-322088 A 



WO 99/11935 Al (Sumitomo Electric Industries, 
Ltd. ) , 

11 March, 1999 (11.03.99), 
Full text; all drawings 

& EP 1016784 A & US 6244843 B 



1-8 



& DE 29824515 U 



& KR 2001023608 A 



US 1516591 A (HARRY D. EDWARDS), 
25 December, 1924 (25.12.24), 
Full text; all drawings 
(Family: none) 

US 4922781 A (Shen Peiji), 
08 May, 1990 (08.05.90) , 
Full text; all drawings 

& EP 286760 A & CN 8506551 A 



1-8 



1-8 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



a. &m<om-tzftwv>ftm mumum ( i p o > 

Int. CI. 7 F04C 2/1 0 



BBKttIK** PCT/JP03/13880 



B. PHE«rfi l ofc#SP 

W*&fTofc*/JxR*|6f. (B^#fF#« (IPC) ) 

Int. CI. 7 F04C 2/1 0 
F0 4C 1 8/1 0 



B*IS$Ull$r£&4ft 1926 - 1 9 9 6f 

H*ffl43f|lB#|flf£f3g4*$ft 1971 - 20 04^ 

ttmsmmmmmo&L 1994 - 2004^ 

R*mmmmmx&&m 1996 - 2003^ 



C. B§ilj-5fc|g.fte>;ft-5;fciSfe 



X 
Y 



US 4976595 A (Suzuki Jidosha Kogyo Kabushiki 
Kaisha) 1990. 12. 11, ^0 & CA 

1331717 C & JP 1-249971 A 

US 6077059 A (Mitsubishi Materials Corporation) 
2000. 06. 20, £X £® & EP 870926 
Al & KR 98081230 A & JP 11-26 
4 3 8 1 A 



1-4 
5-8 



5-8 



BHIBWHESrSfeT Lit B 

04. 0 3. 2004 


^3. 3. 2004 


HafcBWF/f (I SA/J P) 
§8H#-J§- 100-8915 

MMmfftm m-mamE-T s 4 # 3 » 


4*MFJ?*« (^RBcofo^l®^) 3 T 8 10 9 
-¥■ if 4* 3g 1 1 


mmm^ oa-sssi-noi Km 3393 



iStPCT/ISA/2 10 (12^) (1998^7^) 



ir 



4t 



PCT/J PO 3/1 3 8 8 0 



C (gE#) 



EY 



US 5226798 A (Siegfried A. Eisenmann) 1 9 9 3. 
0 7. 13, £X ^Hl & DE 3938346 C & 
EP 433576 Al & CA 2025824 A & 
KR 159503 B & ES 2043212 T & 
JP 3-271577 A 

EP 1340914 A (MITSUBISHI MATERIALS CORPORATION) 
2003. 09. 03, & CN 1442614 

A & US 20030165392 A & KR 2003 
071624 A & JP 2003-322088 A & 
JP 2003-322089 A 



5-8 



7, 8 



WO 99/11935 Al (£&m^X^5££tf±) 
9 . 0 3. 11, £X & EP 1016784 

US 6244843 B & DE 29824515 
KR 2001023608 A 



A 



US 1516591 
2 5 , <£X ±m 

US 4 9 2 2 7 8 1 

<£X ^EI & EP 

5 1 A 



A (HARRY D. EDWARDS) 1 9 2 4. 



19 9 
A & 
U & 



1 2 



1-8 



A (Shen Pei ji) 1990. 05. 08, 
286760 A & CN 8 5 0 6 5 



1-8 



1-8 



«PCT/ISA/2 10 (S2'<-v'©l#) (1 998^7^) 



